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The transgenic experiment is a useful tool for the study of cell 
type -specific expression of genes during embryoge�esis. 
We constructed a minigene, mg-Tyrs-J, by fusing a tyrosin­
ase eDNA, Tyrs-J, with the 5' upstream region of genomic 
deoxyribonucleic acid (DNA) clone, G3L , and microinjected 
this minigene into fertilized eggs from albino BALB / c mice. 
It was expected that a melanin pigment would be produced 
and deposited in the melanosomes of melanocytes ofBALB/ 
c mice if the mg-Tyrs-J was expressed in a cell type - specific 
manner. In the transgenic mice, melanin pigments were ob­
served only in melanocytes and in hair shafts of hair follicles, 
and in the choroid and pigmented epithelium of the eyes. 
However, Southern blot analysis of the genomic DNA of the 
transgenic mice showed that the trans gene was present in all 
A foreign gene in the fonn of linear cDNA can be trans­ferred to an organism by microinjection into fertilized eggs. If the transferred gene, or transgene, is inte­grated into the chromosome before the first cleavage, it is expected to be distributed among all blastomeres 
during cleavage. A cDNA, however, may or may not be expressed in 
the somatic cells integrated, because it is devoid of a regulatory 
component of the gene. However, if a cDNA is integrated into a 
homologous site through homologous recombination or into an 
appropriate location downstream to a promoter by chance, it would 
be expressed. To obtain a properly programmed expression of the 
gene, it is necessary to fuse a functional cDNA with its regulatory 
region including the promoter. 
Tyrosinase, the key enzyme for melanin biosynthesis, has been 
considered a suitable marker protein for cell type-specific expres­
sion, or differentiation, in the melanocyte for the protein is exclu­
sively synthesized in this specific cell type, the melanocyte. It has 
been postulated that the albino phenotype is due to a point mutation 
most likely at the structural region of the albino locus, e, in the 
mouse [1]. The presence of so-called "clear cells" in hair follicles of 
albino mice indicates that the albino mutation does not involve a 
deficiency in the differentiation of the melanocyte [2]. Observation 
on the fine structure of melanosomes in albino melanocytes has also 
suggested that this mutation does not affect the housing and ma­
chinary of melanogenesis, the melanosome [3]. It was recently dem­
onstrated that an albino mutation carried in the BALB/c strain was 
the result of a base substitution from G to C in exon I, which gives 
rise to an amino acid substitution from cysteine to serine at position 
85 (except the signal peptide) of the tyrosinase protein [4]. It is, 
therefore, reasonable to expect that the albino phenotype can be 
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tissues examined. These results apparently indicate that the 
introduced trans gene is integrated into a chromosome(s) and 
distributed among somatic cells, whereas the gene is ex­
pressed exclusively in melanocytes, i.e., the trans gene is ex­
pressed in a cell type-specific manner. 
Some founder mice were crossed with BALB / c albino 
mice to establish transgenic lines. Each line and subline 
shows inherited characteristic phenotypes; in particular, off­
springs from two founders exhibited a patched phenotype. 
The possible mechanism of this interesting expression of 
these trans genes is discussed in comparison with the results of 
other investigators who observed both programmed and 
non-programmed expression of the tyrosinase gene in trans­
genic mice.] Invest Dermatoi100:141S-145S, 1993 
rescued by introducing a cloned tyrosinase gene into albino embryos 
and that a regulatory program of the 5' upstream region of the gene 
involved in the cell type-specific expression can be elucidated by 
the transgenic experiment. 
MICROINJECTION OF TYROSINASE MINiGENE 
In our microinjection experiment [5], a minigene mg-Tyrs-J was 
constructed by fusing tyrosinase cDNA with the 5' upstream region 
of a genomic DNA clone G3L [6]. The resultant 4.5-kb recombi­
nant DNA contained a 2.6-kb 5' non-coding flanking sequence, a 
1.6-kb coding region, and a O.3-kb 3' non-coding flanking sequence 
(Fig 1). The tyrosinase cDNA used in our previous experiment 
encodes a prospective mouse tyrosinase protein of 533 amino acids 
and was shown to express in cultured albino melanocytes by trans­
fection [6,7]. The DNA construct mg-Tyrs-J was cloned into the 
BeoRI site of a plasmid pUC 118. For microinjection, the mg-Tyrs-J 
insert was isolated from the vector sequences by BeoRI digestion. 
The minigene was microinjected into 735 fertilized albino BALB / c 
mouse eggs. It was expected that melanin pigments would be pro­
duced and deposited in the melanosomes of melanocytes of BALB / c 
mice if the mg-Tyrs-J was expressed in a cell type-specific manner. 
CELL TYPE-SPECIFIC EXPRESSION OF 
TYROSINASE GENE 
Of the 333 embryos transferred to recipient females, 53 developed 
to tenn. Among them, six individuals produced melanin pigments. 
The six transgenic mice exhibited the agouti phenotype, although 
the extent and pattern of their pigmentation were different from 
one another. Tg.Tyrs-J2 was black-eyed and developed brown 
agouti hair. This phenotype of Tg.Tyrs-J2 had been expected be­
cause BALB/c mice carry A/A, b/b, e/e genotype. Tg.Tyrs-J3 exhib­
ited an unexpected phenotype: there was a spot of pigmented hairs 
on its head and right ear; pigmentation was also observed in its right 
eye. Tg.Tyrs-J4, Tg.Tyrs-J5, and Tg.Tyrs-J6 showed reduced 
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Figure 1. Construction of the mg-Tyrs-J. The 2.6-kb BcoRI-XhoI frag­
ment of the G3L was fused to the 1.9-kb XhoI-BcoRI fragment of the 
Tyrs-J. Solid box, coding region of the mouse tyrosinase. 
Q) � 
= I 
'r-I III 
0 >- � � ....... = � Q) 1/1 
� .r-I t:7'I Q) = Q) = .-1 � 
� III = > 'tS � 'r-I 'r-I I 
ICC � ::s 'r-I 'r-I = ,!( III b-I � � � � � 1-1 Ul E-4 E5 
E x 5 p E 
1 kb 
Figure 2. 50uthern analysis of the DNAs from various organs of the 
transgenic mouse, Tg.Tyrs-J2. The size of the bands is indicated in kb. The 
probe used is indicated below the map by solid line. Symbols indicate restric­
tion sites (E, BeoRI; X, XhoI; 5, SphI; P, PstI). 
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Figure 3. Patched phenotype exhibited in the transgenic 8ubline, J5Cl. 
brown agouti hair, Tg.Tyrs-J7, on the other hand, exhibited a mo­
saic coat. 
Histologic observations were performed on various organs of the 
Tg.Tyrs-J2 mouse. Melanin pigments were observed only in mela­
nocytes and hair shafts of its hair follicles, and in the choroid and 
pigmented epithelium of its eyes. On the other hand, Southern blot 
analysis of the genomic DNA of the transgenic mouse showed that 
the trans gene, mg-Tyrs-J, was present in all the tissues examined. 
With the probe of aXhoI-SphI fragment of the mg-Tyrs-J (Figs 1 
and 2), a band of 7.6 kb was detected in the BALB/c DNA sample, 
This band represents the intrinsic tyrosinase gene of the albino 
allele. In the transgenic DNA samples, the trans gene was seen as the 
band of 1.4 kb as expected (Fig 2). In addition, there was a band of 
5.2 kb in the transgenic DNA samples, suggesting that rearrange­
ment of the transgene had occurred at integration into the chromo­
some. These results clearly indicate that the introduced transgene 
was integrated into a chromosome(s) and distributed among somatic 
cells, whereas the gene is expressed only in melanocytes in the skin 
and eyes. That is to say that the transgene is expressed in a cell 
type-specific manner. 
Beermann et at [8] also accomplished a transgenic experiment in 
which albino embryos were microinjected with a tyrosinase mini­
gene. They constructed a minigene containing a 5.5-kb 5' upstream 
sequence, exon I, intron I, and a part of exon II from genomic DNA 
of chinchilla mice (e'hle'h), as well as a tyrosinase cDNA isolated 
from B16 mouse melanoma cells. Their transgenic aninlals exhib­
ited the chinchilla-like phenotype on the black agouti genetic back­
ground. Pigmentation was observed only in their skin and eyes, 
although there was a variety in the intensity of pigmentation. They 
were able to demonstrate a cell type-specific expression of the 
transgene in in situ hybridization by using a trans gene-specific probe 
containing a part of SV40 gene fused to the 3' end of the cDNA. As 
expected, transcription of the transgene was restricted to the inte­
rior of the root sheath at the lower part of the hair bulbs in the skin 
of the transgenic mice. 
On the other hand, Yokoyama et at [9] have obtained pigmented 
transgenic mice using minigenes that consisted of the tyrosinase 
cDNAs and a regulatory sequence of 2.25 kb. Because a melano­
cyte-specific pigmentation had been observed in the transgenic 
mice, it can be assumed that the sequence up to -2250 contains 
regulatory elements responsible for the cell type-specific expres­
sion. They also compared the Tyrs-J, the wild-type tyrosinase 
cDNA [6], with the MTY811c partly fused with a DNA segment 
from albino mouse [10], and found that a single base substitution 
(G -- C) resulted in a difference in melanogenic phenotype sup-
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Figure 4. Pedigree of the transgenic line, J5. 0, female; 0, male; 6., undetermined; (j � 4, patched. Numbers in parentheses imply the ratio of 
pigmented to non-pigmented offsprings. 
porting the previous report by Shibahara et al [4]. These transgenic 
studies have shown that the cloned tyrosinase cDNA is suitable for 
in vivo synthesis of tyrosinase protein after appropriate integration 
into chromosomes and that about 2-kb region upstream to the exon 
I is capable of programming the transcription of the cDNA. 
To pinpoint the regulatory element(s) responsible for the cell 
type -specific expression, Klueppel et al [11] recently micro injected 
a minigene with a 270-bp 5' flanking fragment into fertilized eggs 
from albino mice and obtained transgenic mice that expressed the 
transgene and produced melanin in both hair-bulb melanocytes and 
pigmented epithelium of the eye. They, therefore, concluded that 
the cis elements mediating cell type-specific expression for both 
neural crest-derived cells and neural tube-derived cells are located 
within 270 bp upstream of the transcription start site. To draw a 
conclusion, combination of the results from the transgenic experi­
ments with those from a fine in vitro chloramphenicol acetyltrans­
ferase (CAT) assay is anticipated. 
INHERITANCE OF THE TRANSGENE 
In our transgenic study, the six founder mice were crossed with 
BALB/c albino mice to establish transgenic lines. So far, four lines 
and five sublines have been obtained from the founders, Tg.Tyrs-J3, 
Tg.Tyrs-J4, Tg.Tyrs-J5, and Tg.Tyrs-J7 [12]. It is interesting to 
note that each line and subline shows an inherited characteristic 
phenotype. Among the offsprings obtained, those derived from the 
Tg.Tyrs-J5 and Tg.Trans-J7 exhibited a patched phenotype, al­
though they inherited a transgene only encoding the tyrosinase 
enzyme. 
From the cross between Tg.Tyrs-J5 and BALB/c, 53 offspring 
were obtained. Three different phenotypes were found among the 
pigmented individuals in the F 1: patched, diluted brown agouti, and 
reduced brown agouti that was homogeneously pigmented. In the 
Southern hybridization analysis, animals with different phenotypes 
showed different patterns of bands, which indicated that transgenes 
might have integrated at three different regions of the chromo­
somes. It turned out, however, that the ttansgenes were shown by in 
situ hybridization to be located at the same site (chromosome 1) in 
these sublines. Thus, they have probably rearranged in the germ 
cells of the founder. One of the subline, J5C1, inherited a charac­
teristic patched phenotype (Figs 3 and 4). A histologic observation 
on the patched skin from the subline revealed that in both well-pig­
mented and less-pigmented regions, hair follicles contained differ­
entiated melanocytes, although there was a difference in the quan­
tity of melanin produced in the cells. In all the sub lines, the 
segregation ratio of pigmented to non-pigmented mice in the F2 
generation was about 1 :  1 (Fig 4). 
Of the 50 offsprings from the cross between Tg.Tyrs-J7 and 
BALB/c mice, 22 mice were pigmented. They consisted of two 
groups of different phenotypes. One group exhibited the patched 
phenotype similar to the J5C1 subline, whereas the other group 
expressed brown agouti coat color. The latter produced progenies as 
a subline 07C6) and was shown to possess homogeneously pig­
mented hair follicles (Fig 5). Inherited characters and copy numbers 
of the integrated trans gene in these lines are summarized in Table I. 
It was demonstrated in our genetic studies that the patched pheno­
type in the J5C1 and J7C4 7 sublines was inherited as a stable domi­
nant trait and appeared to be controlled by a single transgene, al­
though each trans gene was repeated in tandem. Therefore, it is 
conceivable that the trans genes are integrated into the chromo­
somes of all the somatic cells via the germ line and that there is a 
difference in expression amol\g melanocytes. The trans gene in a 
certain cell lineage is possibly inactivated in an early stage of em­
bryogenesis. On the contrary, the same transgene in the other cell 
lineage will enter commitment and becomes inducible. As a result of 
the segregation in the status of the gene expression, the transgenic 
mouse would exhibit the patched phenotype. This notion of clonal 
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Figure 5. Hair follicles of a 10-day-old transgenic mouse of the J7C6 
subline (a) and albino mouse of BALB/c strain (b). 
segregation is supported by the fact that the pigmentation pattern 
observed in the ]5C1 subline is asymmetrical in some cases. 
NON-PROGRAMMED EXPRESSION OF 
TYROSINASE GENE 
Transgenic experiments with non-authentic promoters have pro­
duced some unexpected results, thus providing us with some in­
sights into the mechanism of gene expression. Iwamoto et al [13] 
reported an unusual occurrence of pigment cells (melanocytes) in 
transgenic mice obtained by microinjecting ret oncogene fused to 
the metallothionein promoter-enhancer into the fertilized eggs of 
(BALB/c X C57BL/6) X BALBlc mice. In some founder mice, 
melanocytic tumors were also observed. Their results suggest that 
the ret proto-oncogene is involved in the normal development of 
melanocytes. It seems significant that some of the WV I WV homozy­
gotes carrying the ret trans gene showed heavy pigmentation in one 
or both ears, whereas the homozygotes without the ret gene exhib­
ited a white coat. They, therefore, assume that the ret oncogene 
product supports the differentiation or proliferation of melanoblasts 
during embryogenesis in the Wv mice with mutated c-kit. 
Bradl et al [14] and Klein-Szanto et al [15] also found melanomas 
and melanosis in transgenic C57BL/6 (black) mice microinjected 
with SV 40 early genes. In their experiments, however, the DNA 
construct (Tyr-SV 40E) consisted of the transforming genes of SV 40 
and the regulatory region of the mouse tyrosinase gene. It is ex­
pected, therefore, that the transforming genes are programmed to 
express coordinately with the intrinsic tyrosinase gene. The two 
kinds of melanomas, ocular and cutaneous, that they reported are 
likely to have originated in the neural tube-derived pigmented 
epithelium and in the neural crest -derived melanoblasts. The occur­
rence of the tumor was more frequent in the retina than in the skin 
in their experiment, probably because the onset of the gene expres­
sion is earlier in the former than in the latter. The presence of the 
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time lag between the onset of the gene expression and the actual 
tumor growth provides some implications. A low but consistent 
frequency of transformation in melanocyte population also pro­
duces some issues to be solved concerning oncogenesis. In addition, 
the melanosis in various organs reported by Klein-Szanto et al [15] 
seems to give important implications as to the cell differentiation 
and proliferation of melanoblasts. They found numerous melanin­
containing cells in several organs, including the striated muscle, the 
lymph node, the mammary duct, and the olfactory bulb of the brain. 
Two possibilities were considered as the origin of the melanin-con­
taining cells: one was fibroblasts of connective tissues, and the other 
was descendants of neural crest cells. Although it seems difficult at 
present to choose between the two alternatives, it is reasonable to 
assume that a small proportion of the neural crest cells migrates into 
these tissues without differentiation and proliferation. These "lost 
cells" might be activated by oncogenes under the control of the 
regulatory mechanisms of the tyrosinase gene. 
Mintz and Bradl [16], on the other hand, microinjected an indu­
cible transgene into albino mouse eggs. The DNA they constructed 
comprised of a mouse tyrosinase eDNA and the 1.7 -kb metallothio­
nein-I promoter. The transgenic animals received ZnS04 from ma­
ternal circulation for the last 5 to 6 d of fetal life and post-natally 
from mother's milk for about 4 weeks. Pigmentation was seen in the 
coat, eyes, ears, and other areas of the transgenic mice. In some areas, 
relatively few pigmented melanocytes were present, whereas many 
were in the superficial non-follicular dermis. These authors pro­
posed that the "inverted" distribution is due to a trans gene-induced 
precocious maturation and migratory arrest of melanoblasts. In ad­
dition, they also noticed that the distribution of color in the coat 
formed an orderly pattern and suggested that the pattern was com­
parable to the clonal pattern visualized in mice produced between 
aggregated blastomeres of different color genotypes [17]. Local bi­
lateral asymmetries commonly occurred on either side of the dorsal 
midline, supporting an earlier hypothesis presented by Mintz [17] 
that melanoblasts are derived from independent clonal origins on 
left and right sides. 
It seems significant that our transgenic experiment with the au­
thentic regulatory region and that of Mintz and Bradl [16] with the 
non-authentic metallothionein promoter produced similiar pig­
ment patterns in the transgenic mice. It is likely that these results are 
due to the positional effects of chromatin in which the trans genes 
are integrated. In some cases, the transgenic mice are homoge­
neously pigmented. Thus, the question arises as to the "position" 
responsible for the patterned expression of the trans gene. The posi­
tion in question appears to modify the gene expression according to 
cell lineage. It is difficult to decide at present whether the clonal 
segregation in the status of gene expression, which is referred to as 
phenoclone by Mintz [17], is 1) attributed to a random event during 
the cleavage in early embryogenesis, or 2) depends on a factor that 
determines cranio-caudal axis in embryo. If the latter is the case, our 
transgenes have targeted a gene(s) that is responsible for a cellular 
pattern along the embryonic axis. Phenotypic difference among 
sublines can be explained as the result of rearrangement of the trans­
gene. In the experiment by Mintz and Bradl [16], the tyrosinase 
gene controlled by the inducible metallothionein-I promoter ex-
Table I. Phenotypes of Transgenic SubIines 
Lines Copy Numbers 
of the 
Founder Sublines Coat Colors Transgene 
Tg. Tyrs-J5 J5Cl 
J5C12 
J5C21 
Tg. Tyrs-J7 J7C6 
J7C47 
• NO, not determined. 
Reduced brown agouti/ 
patch 
Reduced brown agouti 
Diluted brown agouti 
Brown agouti 
Reduced brown agouti/ 
patch 
>100 
-50 
>10, <50 
-20 
NO" 
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pressed in melanocytes both in the skin and eyes; the pattern forma­
tion was also recognized. It would be interesting to find how the 
position r�sponsible f�r the pattern formation is related to the cell 
type - specific expresslOn. 
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